Nephrotic syndrome (NS) is the most common reason of proteinuria in children and can be caused by the pathology of renal glomeruli. Steroid therapy is typically used in this disorder. It has been shown that MIF is a cytokine which counteracts the immunosuppressive properties of glucocorticoids. The aim of this study was looking for a correlation between MIF polymorphisms and genetic susceptibility to steroid resistance in children with INS (Idiopathic NS). Methods: The study was performed in 71 patients with INS including SRNS (steroid resistance nephrotic syndrome) (41) and SSNS (steroid sensitive nephrotic syndrome) (30) and in 30 control subjects. We employed Sanger sequencing and capillary electrophoresis. Linkage disequilibrium was made using Haploview and PHASE. Results: We didn't observe a statistical significance between SNPs detected in patients with INS and controls. Our studies revealed statistical significance for two polymorphisms: rs2070767C>T and rs2000466T>G between patients with SRNS and SSNS. The results for rs34383331T>A are close to being statistically significant. Statistical significance was revealed for CATT5/CATT6 genotype in SRNS group vs SSNS group (OR=4.604, 95%CI=1.356-15.632, p=0.0168). We found that the frequency of 5/X-CATT genotype compared with X/X-CATT genotype was significantly higher in SRNS patients vs SSNS (OR=3.167, 95%CI=1.046-9.585, p=0.0426). In linkage disequilibrium analysis we didn't show involvement in susceptibility to INS and steroid sensitive phenotype. Conclusions: Our results suggest that the role of MIF polymorphisms in the susceptibility to positive response to steroid therapy is still unresolved. It indicates that MIF may be involved in indirect and complex molecular mechanisms of steroid activity in hormone-dependent metabolic pathways in children with INS. Because of ambiguous findings, pleiotropic features of this cytokine require that more research should be undertaken.
INTRODUCTION
Nephrotic syndrome (NS) is the most common reason of proteinuria (more than 50 mg/kg/day or protein/ creatinine ratio >200mg/mmol) in children and can be caused by the pathology of renal glomeruli (Van Hausen & Kemper, 2011; Abid et al., 2012) . The most common proteinuria in children can be associated with the idiopathic nephrotic syndrome (INS), which includes several histological variants: minimal change nephrotic syndrome (MCNS), (80%), diffuse mesangial proliferation (DMP) and focal segmental glomerulosclerosis (FSGS) (Banaszak et al., 2011; Harambat et al., 2011) . Since the 1950s steroid treatment is the most frequently used therapy of INS. (Hodson et al., 2000) . However, not all patients show positive response to the therapy and approximately 10-20% of patients don't respond to it. The variety of reactions to this therapy divides the patients to steroid sensitive (SS) and steroid resistant (SR) (Mehls & Hoyer, 2011; Abid et al., 2012) .
Actions of glucocorticoids (GCs) include the genomic and nongenomic mechanisms. Genomic reactions of GCs are associated with glucocorticoid receptor α (GR) (Gross et al., 2009; Mehls & Hoyer, 2011) . Nongenomic mechanisms include interactions of GCs with cell membrane, cytosolic GR and with cell membrane-bound GR (Smoak & Cidlowski, 2004; Stahn & Buttgereit, 2008; Alangari, 2010) .
MIF (macrophage migration inhibitory factor) is a pleiotropic proinflammatory cytokine produced by many cell types such as: T lymphocytes, monocytes/macrophages, vascular endothelia. It is also released from the pituitary which suggests that MIF is also an endocrine factor (Berdeli et al., 2005; Gómez et al., 2007) , (Fig. 1) . Because of its widespread properties it is a crucial mediator of many immune and autoimmune diseases such as: juvenile idiopathic arthritis (JIA), Crohn disease, diabetes type 1, glomerulonephritis, septic shock, inflammatory lung disease and cancer (Berdeli et al., 2005; StosicGrujicic et al., 2009) . Although most proinflammatory cytokines are inhibited by GCs, it was shown that MIF is released from macrophages by very low concentrations of GCs (dexamethasone or hydrocortisone at 10 -14 M) in a rodent cell line (Donn & Ray, 2004; Barnes & Adcock, 2009 ). Therefore, it may suggest that MIF is a factor which suppresses the efficiency of steroid treatment (Stosic-Grujicic et al., 2009) . It is assumed that many polymorphisms in the MIF genes associated with immune response may influence many immune and autoimmune diseases and have a prognostic value.
The aim of this study was to analyze an association between the discovered MIF polymorphisms and glucocorticoid resistance of children with idiopathic nephrotic syndrome in the Polish population, by sequencing all of the exons in the MIF gene, with about 100bp of the neighboring intronic sequences and the 5', 3' flanking DNA regions, as well as the promoter DNA.
MATERIALS AND METHODS
Patients and controls. Seventy one (29 girls and 42 boys) patients at the ages from 3 to 19 years old (average age -10.1±4.4) that were hospitalized because of idiopathic nephrotic syndrome in the years 2008-2010 at the Department of Cardiology and Children Nephrology at the Medical University of Poznan were the subject of this study. Based on steroid treatment during the induction treatment, thirty patients (13 girls and 17 boys) that had the steroid sensitive nephrotic syndrome (SSNS) and forty one children (16 girls and 25 boys) with steroid resistance nephrotic syndrome (SRNS) were selected. Histopathological classification of kidney biopsies of the SRNS children was performed by an experienced pathologist. They were also correlated with age and gender (Table 1) . Thirty patients were included as controls. The mean age of the control subjects was 10.1±4.4. Protocol of the study was approved by the Local Ethical Committee of Poznan University of Medical Sciences. Written agreement was obtained from patients and controls. All participating subjects were of Polish origin.
Genotyping. DNA isolation and PCR assay. Genomic DNA was extracted from 200 μl of peripheral leukocytes using a QIA Amp DNA Blood Mini Kit (Qiagen, Hilden, Germany). The DNA was precipitated and resuspended in 200 μl of the AE buffer and stored at -20 o C until needed.
The following sequences obtained from GenBank were used as reference sequences of MIF (Gene ID:4282): NG_012099.1: 5001-5845 (genomic). Each of the MIF exons, about 100bp of the neighboring intronic sequences and the 5', 3' flanking DNA regions, as well as the promoter region were amplified by PCR. PCR primers were designed using Primer 3 Input (version 0.4.0.). The PCR reaction consisted of nuclease-free water, PCR Buffer + MgCl 2 10X, d NTP mix 5mM, primer mix (F+R) 12.5 µM, GC Rich Solution 5X, FastStart Taq DNA Polymerase, genomic DNA. The PCR conditions were as follows: 95 o C/4min, followed by 40 cycles of: 95 o C/30sec, annealing temperature depending on the primer, 72 o C/1min, and then 72 o /7min. The PCR products were resolved using a 1.5% agarose gel stained with the ethidium bromide.
DNA fragment length analysis. Because of Short Tandem Polymorphism (STR) in the promoter region, the forward primer created for this region was labeled fluorescently with FAM-6 dye at the 5' end. To estimate the length of the resulting reaction products, capillary electrophoresis was carried out on Genetic Analyzer 3110 (Applied Biosystems) in the presence of GeneScan 600 LIZ marker. The results were analyzed using Peak Scanner TM software (Applied Biosystems).
DNA sequencing. PCR products were sequenced using the Big Dye TM Terminator Cycle Sequencing Kit 3.1 and AmpliTaq ® polymerase (Applied Biosystems). Detection and sequencing were carried out with a 3130 ABI Genetic Analyzer (PE Applayed Biosystems). Results were analyzed using Sequencing Analysis 5.2. The data were screened for genetic variations in the MIF gene using FASTA Sequence Comparison at the U. of Virginia (www.fasta.bioch.virginia.edu) and the GenBank entry NM_002415 as the reference sequence from the National Center for Biotechnology Information SNP database (dbSNP): www.ncbi,nlm.nih.gov/SNP (accesses on September 15, 2012) . The SNP data for each sample were used to calculate study-specific SNP genomic and allelic frequencies.
Statistical analysis. The Hardy-Weinberg equilibrium (HWE) assumption was assessed for both the patient and control groups by comparing the observed numbers of each genotype with those expected under the HWE for the estimated allele frequency. Moreover, the Odds Ratio (OR) and 95% Confidence Intervals (95% CI) were calculated for the association between the alleles and genotypes and the risk of INS or initial steroid 
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RESULTS

Single Nucleotide Polymorphisms.
Seventy one patients with INS, including SRNS and SSNS, and thirty controls were genotyped. The genotypic and allelic frequencies for SNP and STR are shown in Table 2 and in Table 3 . The frequency of all genotypes studied did not exhibit deviation from the HWE between all investigated groups (p>0.05).
As shown in Table 2 , we didn't observe a statistical significance between the detected SNPs in patients with INS and controls. Our studies revealed statistical significance for two polymorphisms: rs2070767C>T and rs2000466T>G between patients with SRNS and SSNS. The results for rs34383331T>A are close to being statistically significant. We found that CT genotype of rs2070767C>T is associated with the risk of SRNS vs SSNS. The OR for SRNS children with the CT genotype compared with CC genotype was 3.00 (95%CI=1.043-8.627, p=0.047). In addition, we evaluated a correlation of rs2000466T>G with SRNS vs SSNS (OR=0.321, 95%CI=0.119-0.869, p=0.028). The distribution of TG genotype is about 2-fold higher in SSNS children than in SRNS (46.7% and 22.0%, respectively), and the occurrence of the GG genotype is about 1.5-fold higher in SSNS children than in SRNS (6.7% and 4.9%, respective- Table 2) .
Short Tandem Repeat in the promoter region
The microsatellite DNA (rs5844572, CATT5-8) in the MIF gene has four CATT repeat units (5, 6, 7 and 8 CATT repeats). In our research we didn't detect any 8 CATT repeats (Table 3) . We observed the highest distribution of the CATT5/CATT6 genotype in SRNS patients (41.46%) and CATT6/CATT7 genotype in controls (33.33%). Our studies revealed a statistical significance for the genotype CATT5/CATT6 in SRNS group vs SSNS group (OR=4.604, 95% CI=1.356-15.632, p=0.0168). We didn't evaluate the genotype CATT7/ CATT7 in controls, whereas it was present in others (INS -2.82%, SRNS -2.4%, SSNS -3.33%). In addition, in Table 3 we make the association between tetranucleotide repeat polymorphism and INS and SRNS and SSNS. We found that the frequency of 5/X-CATT genotype compared with X/X-CATT genotype was significantly higher in SRNS patients vs SSNS (OR=3.167, 95% CI=1.046-9.585, p=0.0426). In addition, there were no significant differences in other groups. We also made X -6 or 7 repeats 5/7;6/7;7/7 "high expression'' genotypes Y -5 or 6 repeats 5/5;5/6;6/6 "low expression' genotypes
Figure. 3. Relative positions and LD estimates between 7 MIF polymorphisms in the analyzed population (SRNS and SSNS).
Colored squares correspond to D' values with numerical estimates given within the squares.
a correlation between two promoter polymorphisms: rs755622G>C and rs5844572 (CATT5-8) (Table 5) . We observed a significant association only in groups SRNS vs SSNS for CATT5/CATT6_GG genotypes (OR=8.960, 95%CI=1.872-42.888, p=0.002). The frequency of CATT5/CATT6_GG genotypes was 5.8-fold higher in the SRNS groups when compared with SSNS (39.0% and 6.7% respectively).
Linkage disequilibrium and haplotype analysis
In haplotype blocks for patients with INS and controls, SRNS and SSNS, we observed a strong linkage disequilibrium between four of the seven MIF polymorphisms analyzed. The program revealed two blocks (Fig. 2, Table 7 ). Our results for patients with INS and controls showed that none of the analyzed SNPs is associated with INS (p>0.05). We observed four haplotypes, two in the first block and two in the second block (estimated population frequency >0.05). The haplotype analyses for steroid resistance phenotype also revealed two blocks (Fig. 3, Table 8 ). We observed three haplotypes in one block and two haplotypes in the second block. We observed that two markers (rs112568463A>T and rs2000466T>G) revealed correlation with steroid resistance phenotype (p=0.0407 and p= 0.0438 respectively, Table 9 ). In addition, we found that the GA haplotype (rs2000466T>G, rs34383331T>A) may be protective in regard to the steroid resistance phenotype in INS children (p=0.0438), although the association was not sufficiently strong to survive adjusting the significance level for multiple comparisons using 10000 permutations. Also, Table 6 presents MIF haplotypes for polymorphisms located in the promoter region: -173G/C (rs755622) and -794 CATT (rs5844572). As we can see, the C allele is in a high linkage disequilibrium with CATT7 allele. The C allele is more frequently associated with CATT7 than with CATT5 or CATT6 in all groups. Accordingly, the G allele is more frequently associated with CATT6 than with CATT5 or CATT7 in all groups. Unfortunately we didn't observe any differences between the groups.
DISCUSSION
The present study was designed to investigate association between MIF cytokine polymorphisms in the Polish children from Wielkopolska with INS and their response to steroids.
MIF is a proinflammatory cytokine which plays an important role in many immune and inflammatory diseases so that it can be a good prognostic factor in many therapies (Berdeli et al., 2005) . It was shown that MIF also plays an important role in kidney diseases (Lan, 2008) . Moreover it counter-regulates glucocorticoids effect by suppressing their therapeutic effects (Lolis, 2001; Berdeli et al., 2005) . It was found that glucocorticoids induce the synthesis of IκB, whereas MIF reduces IκB. Consequently NF-κB translocates to the nucleus as a free factor where it initiates transcription of specific genes. This is one of the ways to enhance an inflammatory response. Similarly, glucocorticoids also inhibit activity of the phospholipase A 2 (PLA 2 ) but MIF counteracts by stimulating the ERK1/2 kinases pathways, activating PLA 2, releasing arachidonic acid and as a consequence leukotriens and prostaglandins are expressed (Renner et al., 2005; Bucala, 2013) . Several studies have reported a functional significance of the MIF gene polymorphisms. Our results show that frequency of the CT genotype rs2070767C>T, which is located in the 3'UTR region, is significantly higher in the SRNS group than in SSNS children. We also found that other two polymorphisms located in the 3'UTR region (rs2000466T>G and rs34383331T>A) are correlated with SSNS when compared with SRNS. In contrast to previous findings, however, no evidence of rs2070767C>T, rs2000466T>G and rs34383331T>A were determined in patients with INS, and SSNS or SRNS. Li Gao et al. (2007) examined six polymorphisms of the MIF gene in Acute Lung Injury. They explained the influence of polymorphisms in regulatory elements in the 3'UTR on mRNA stability as well as subcellular localization of transcripts. Zheng X et al. (2012) examined whether polymorphisms of the MIF gene are associated with Behçet's disease (BD) in the Han Chinese population. They showed significant association of two SNPs: rs755622G>C and rs2096525T>C with BD. Additionally, they suggested that the involvement of MIF in BD may be through regulation of its mRNA expression (Zheng et al., 2012) . Berdeli et al. (Berdeli et al., 2005) showed correlation of the MIF -173C allele with the INS and SRNS in children in the Turkish population. Similar results were obtained by Vivarelli et al. (2008) in respect to children from Italian population. Polymorphism rs755622G>C in the promoter region has been correlated with a high level of MIF protein as the transition of G to C creates an activator protein 4 response element (Berdeli et al., 2005 , Gómez et al., 2007 . However, these findings are not in the agreement with our results. This observation is in agreement with Choi's findings which showed no association between the rs755622G>C MIF polymorphism and clinical parameters, renal histology and steroid responsiveness (Choi et al., 2011) . It seems possible that these results are due to variations in ethnic and geographic distribution of INS. Similar results were shown for other inflammatory diseases. Berdeli et al. (2006) did not reveal the role of -173C allele in susceptibility to JRA (juvenile rheumatoid arthritis) in children from the Turkish population. On the other hand, Donn et al. (2002) presented association between -173C allele and JIA (juvenile idiopathic arthritis) in the UK population. Positive results were also shown in the Chinese population with RA (rheumatoid arthritis) (Liu et al., 2012; Xie et al., 2012) .
Several studies have been carried out on the influence of short tandem repeat (STR) CATT5-8 (rs5844572) in the promoter region of MIF and its influence on many inflammatory diseases (Renner et al., 2005; . It was shown in these studies that the number of this tetranucleotide repeat is correlated with higher MIF expression taking into account population diversity (Bucala, 2013) . In our study we found that the frequency of 5/X-CATT genotype compared with X/X-CATT genotype was significantly higher in the SRNS patients vs SSNS. In addition, we observed correlation between two promoter polymorphisms in MIF, which showed that the C allele is in a high linkage disequilibrium with CATT7 allele and the G allele is more frequently associated with CATT6. Similar results were obtained by Sreih et al. (2011) who showed dual effect of the MIF gene according to the severity of SLE. They revealed that the presence of high expression of MIF haplotype 7C correlates with a lower form of SLE in Caucasians and lower range in African-Americans. They showed that increased MIF production due to genetic factors may correlate with protection against autoimmune response associated with SLE. According to our research it is suggested that it may be associated with a positive response in steroid therapy. In contrast to previous findings, Gázquez et al. (2012) showed no association of functional variants in the promoter region of MIF gene with disease susceptibility or hearing loss progression in patients with Méniére's disease. However, the findings Baugh et al. (2002) identified that the low expression of 5-CATT repeat allele was correlated with low inflammation in RA. They also analyzed rs755622G>C but it wasn't associated with RA (Baugh et al., 2002) . A similar situation was observed in the Japanese population with ulcerative colitis (UC). Shiroeda et al. (2010) showed that genotype 5/5-CATT was a decreased risk for UC, but additional genotype 7/7-CATT was correlated with chronic continuous phenotype and distal colitis phenotype. They didn't find association with polymorphism rs755622G>C. Histological correlation with age and gender showed that all cases of FSGS (Focal Segmental Glomerulosclerosis) occurred in children under 6 years old and 83.3% cases of MP (Mesangial Proliferation) were observed in boys (Table 1) . We did not find any association between histological type of glomerulonephritis and SNPs. However, we observed that the most frequent types: FSGS and MP, were weakly correlated with the decreased number of repeats in the STR polymorphism (CATT5/6, CATT6/6 and CATT5/6_GG, CATT5/6_ GG, CATT6/6_GG) (not shown).
In addition, Matsumoto et al. (2005) showed that MIF levels in the serum increased in patients with FSGS and steroid-resistance NS. However, further work is required to establish the association with INS. Moreover, according to Bucala (2013) , MIF interacts with Jab1 (Jun activation domain-binding protein 1), which is a co-activator of the transcription factor AP-1. AP-1 participates in transcription of many proinflammatory cytokines. The ability of MIF to switch off this pathways suggests that MIF can also play a role in anti-inflammatory mechanisms (Donn & Ray, 2004; Bucala, 2013) , which may indicate pleiotropic features of MIF.
In summary, the study presented here was designed to determine the genetic factors of INS as well as SRNS. We discovered seven SNPs polymorphisms and one STR polymorphism in the MIF gene. Our results suggest that the influence of MIF polymorphisms on positive response to the steroid therapy is rather weak. Because of ambiguous findings, pleiotropic features of this cytokine require that more research should be undertaken. In addition, most polymorphisms in our studies are in nonfunctional variants. This suggests that they may be in linkage disequilibrium with polymorphisms of other genes or because of localization in regulatory elements in the 3'UTR region, their mRNA stability might be influenced. In summary, MIF may be involved in complex and indirect molecular mechanisms of steroid resistance in children with INS.
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